Abstract Apolipoprotein C-III (apoC-III) production rate (PR) is strongly correlated with plasma triglyceride (TG) levels. ApoC-III exists in three different isoforms, according to the sialylation degree of the protein. We investigated the kinetics and respective role of each apoC-III isoform in modulating intravascular lipid/lipoprotein metabolism. ApoC-III kinetics were measured in a sample of 18 healthy men [mean age (6SD) 42.1 6 9.5 years, body mass index 29.8 6 4.6 kg/m 2 ] using a primed-constant infusion of L-(5,5,5-D3) leucine for 12 h. Mono-sialylated and di-sialylated apoC-III (apo-CIII 1 and apoC-III 2 ) exhibited similar PRs (means 6 SD, 1.22 6 0.49 mg/kg/day vs. 1.15 6 0.59 mg/ kg/day, respectively) and similar fractional catabolic rates (FCRs) (0.51 6 0.13 pool/day vs. 0.61 6 0.24 pool/day, respectively). Nonsialylated apoC-III (apoC-III 0 ) had an 80% lower PR (0.25 6 0.12 mg/kg/day) and a 60% lower FCR (0.21 6 0.07 pool/day) (P , 0.0001 for comparison with CIII 1 and CIII 2 isoforms). The PRs of apoC-III 1 and apoC-III 2 were more strongly correlated with plasma TG levels (r . 0.8, P , 0.0001) than was apoC-III 0 PR (r 5 0.54, P , 0.05). Finally, the PR of apoC-III 2 was strongly correlated with the proportion of LDL ,255 Å (r 5 0.72, P 5 0.002). These results suggest that all apoC-III isoforms, especially the predominant CIII 1 and CIII 2 isoforms, contribute to hypertriglyceridemia and that apoC-III 2 may play a significant role in the expression of the small, dense LDL phenotype.-Mauger J-F., P. Couture, N. Bergeron, and B. Lamarche. Apolipoprotein C-III isoforms: kinetics and relative implication in lipid metabolism. J. Lipid Res. 2006Res. . 47: 1212Res. -1218 Supplementary key words VLDL metabolism . metabolic syndrome . triglycerides . LDL particle size . sialylation Emphasis is continuously put on plasma triglyceride (TG) levels as a key correlate of many features of the metabolic syndrome, such as abdominal obesity, type 2 diabetes, lower levels of anti-atherogenic HDL-cholesterol (HDL-C), and higher levels of triglyceride-rich lipoproteins (TRLs) (1-3). Increased concentrations of plasma triglycerides are also thought to promote the expression of the type B LDL phenotype, characterized by the predominant presence of more-atherogenic, small, dense LDL particles (4, 5). In that context, there is a renewed interest in better understanding the mechanisms modulating plasma TG levels.
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Supplementary key words VLDL metabolism . metabolic syndrome . triglycerides . LDL particle size . sialylation Emphasis is continuously put on plasma triglyceride (TG) levels as a key correlate of many features of the metabolic syndrome, such as abdominal obesity, type 2 diabetes, lower levels of anti-atherogenic HDL-cholesterol (HDL-C), and higher levels of triglyceride-rich lipoproteins (TRLs) (1) (2) (3) . Increased concentrations of plasma triglycerides are also thought to promote the expression of the type B LDL phenotype, characterized by the predominant presence of more-atherogenic, small, dense LDL particles (4, 5) . In that context, there is a renewed interest in better understanding the mechanisms modulating plasma TG levels.
Apolipoprotein C-III (apoC-III) is a protein secreted mostly by the liver and, to a lesser extent, by the intestine (3) . In circulation, it is associated with both TRLs and HDL (6) . ApoC-III is present in three isoforms that are termed apoC-III 0 , apoC-III 1 , and apoC-III 2 , depending on the number of sialic acid molecules (0 to 2) terminating the oligosaccharidic portions of the protein (7) . Each isoform has been shown to contribute, respectively, to approximately 10, 55, and 35% of the total apoC-III levels in circulation (8) . Total plasma apoC-III levels have been identified as a major determinant of triglyceridemia (9) . Proposed mechanisms underlying the hypertriglyceridemic effect of apoC-III comprise inhibition of lipoprotein lipase (LPL) activity, disruption of the interaction of TRLs with vessel wall heparan sulfate proteoglycans, and lower clearance of apoB-containing lipoproteins by LDL and LDL-related receptors (10) (11) (12) .
The human in vivo kinetics of apoC-III has recently been studied in both healthy and hypertriglyceridemic individuals, using stable isotopes. These studies have been relatively consistent in revealing that plasma apoC-III pool size (PS) and production rate (PR), rather than plasma apoC-III fractional catabolic rate (FCR), were the major determinants of plasma TG levels (13) . Other studies have also indicated that apoC-III concentrations and PR were strongly and positively associated with increased production rate of VLDL-TG (14) . It must be stressed that these previous studies have only investigated the kinetics of the predominant apoC-III isoform, apoC-III 1 . To the best of our knowledge, no study to date has investigated the contribution of the other C-III isoforms to triglyceridemia and other dyslipidemic features of the metabolic syndrome, despite their significant contribution to the total apoC-III pool size. Furthermore, despite the extensively described strong negative relationship between TG levels and LDL particle size, no study yet has examined the impact of apoC-III isoform kinetics and distribution on LDL particle size.
The purpose of the present study was to compare the kinetics of each apoC-III isoform in order to determine their respective implications in lipid/lipoprotein metabolism and to evaluate their contribution to the expression of the small, dense LDL phenotype.
METHODS

Subjects
Eighteen Caucasian men aged 42.1 6 9.5 years with a mean body mass index (BMI) of 29.8 6 4.6 kg/m 2 , nonsmokers, normoglycemic, normolipidemic, and free of any thyroid, endocrine, cardiovascular, hepatic, or renal disorders were recruited in the Québec City area. Subjects who experienced significant gain or loss of weight (.3 kg) in the 2 months preceding the study, who had excessive alcohol intake (.30 g/day), had taken drugs, or had unusual dietary habits were excluded. Macronutrient intake, as assessed by a 3 day food record obtained before the study (2 week days and 1 weekend day), was comparable between subjects (data not shown). All subjects gave informed consent, and the study protocol was accepted by the Clinical Research Ethical Committee of Laval University.
Lipid profile
Plasma and HDL lipid concentrations were measured by enzymatic methods on a Technicon RA-500 analyzer (Bayer Corp.; Tarrytown, NY) as previously described (15) . Plasma VLDL (r , 1.006 g/ml) was isolated by ultracentrifugation, and the HDL fraction was obtained after precipitation of LDL in the infranatant (r . 1.006 g/ml) with heparin and MnCl 2 . The cholesterol, TG, and phospholipid content of the infranatant fraction were measured before and after the precipitation step. Plasma apoA-I and VLDL-apoB-100 concentrations were measured by nephelometry (16) , and apoB-100 concentrations of IDL and LDL fractions were obtained by commercially available enzyme-linked immunosorbent assay (CardioCHEK; AlerCHEK, Portland, ME).
Kinetic studies
Kinetics of apoC-III were determined using a primed-constant infusion of L-(5, 5, 5,-D3)-leucine carried out for 12 hours as described previously (17) . Subjects were studied in the constantly fed state to mimic the postprandial state. Every 30 min during the 3 hours that preceded the infusion, as well as during the 12 hour infusion (total of 15 hours), subjects received a meal consisting of 1/30th of their daily caloric intake. The bolus dose and injection rate of [5, 5, 5 ,-2H3] L-leucine were calculated on the basis of the subject's weight (10 mmol/kg and 10 mmol/kg/hour, respectively). Blood samples (20 ml) were collected via a second intravenous line into vacutainer tubes containing EDTA (to a final concentration of 0.1%) at times 0, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, and 12 hours.
ApoC-III isoform isotopic enrichment determination
ApoC-III was isolated from the r , 1.25 g/ml plasma fraction obtained after centrifugation of whole plasma for 48 hours at 50,000 rpm at 48C in a Beckman 50.4 Ti rotor. The infranatant was then dialysed overnight in an NaCl-Tris-base EDTA buffer, incubated with cysteamine for 4 hours at 378C, and delipidated using acetone-ethanol and diethylic ether as described previously (18) . All apolipoproteins were then separated using preparative isoelectric focusing on polyacrylamide-urea gels (pH gradient 4-7). Protein bands were revealed with Coumassie blue, and gels were scanned and analyzed using Imagemaster 1-D Prime computer software (Amersham Pharmacia Biotech). The proportion of the area under the curve associated with each of the isoforms on the densitometric scan was used to derive the specific isoform concentrations as described previously (19) . After analysis, bands were excised and hydrolyzed in 6 N HCl at 1108C for 24 hours. Free amino acids in the hydrolysate were then derivatized by treatment with trifluoroacetic acid and trifluoroacetic acid anhydride at 1108C (20) . The derivatized amino acids were extracted into benzene and analyzed on a gas chromatograph/mass spectrometer (GC 6890N, MS 5973N; Agilent Technologies, Palo Alto, CA). Amino acids were ionized by methane-negative chemical ionization, and selective ion monitoring at m/z 212 and 209 was used to determine the isotopic ratio (deuterated/non-deuterated leucine) for each sample. Tracerto-tracee ratios were calculated from the isotopic ratio using the formula described previously (21) .
ApoB-100 isotopic enrichment determination
The VLDL (r , 1.006 g/ml, 18 hours at 312,000 g) and IDL (r 5 1.006-1.019 g/ml, 18 hours at 312,000 g) fractions were isolated from fresh plasma by sequential ultracentrifugation and analyzed as described previously (21) .
Kinetic analysis
The FCR of apoA-I, apoB-100, and each apoC-III isoform was determined by fitting the tracer-to-tracee ratio to a monoexponential function using the SAAMII Program software (University of Washington, Department of Bioengineering, Seattle, WA). Data were fitted to the mathematical function Z(t) 5 Z p (12e 2k(t2d) ), where Z(t) is the tracer-to-tracee ratio at time t, Z p is the tracer-to-tracee ratio corresponding to the plateau of the curve representing the precursor amino acid pool, d is the delay time in h, and k is the FSR in pools per h. The enrichment plateau of VLDL apoB-100 with deuterium-labeled leucine was used as the forcing function for precursor pool enrichment. Absolute PR was calculated (in mg/kg/d) using the formula:
Pool sizes were calculated as the plasma concentration of each apoC-III (mg/l) multiplied by estimated plasma volume (value fixed at 0.045 l/kg body weight).
LDL particle size characterization
LDL size phenotype was characterized using nondenaturing polyacrylamide gradient gel electrophoresis of whole plasma along with standards of known diameter as previously described (22) .
Statistical analysis
Data were analyzed using SAS (version 8.2; SAS Institute, Inc., Cary, NC). Correlations were examined using Spearman rank correlations, and the Student paired t-test procedure was used for comparison of the kinetic parameters of the different ApoC-III isoforms.
RESULTS
Study subjects
The physical characteristics and plasma lipid/lipoprotein profiles of the study subjects are presented in Table 1 . Participants were aged 42.1 6 9.5 years, and most of them (15/18) were either overweight (BMI .25 kg/m 2 , 7 subjects) or obese (BMI .30 kg/m 2 , 8 subjects). As a group, study subjects had relatively normal plasma triglyceride and HDL-C levels (1.67 6 0.97 mmol/l and 1.13 6 0.23 mmol/l, respectively) and near-normal total and LDL cholesterol levels (5.05 6 1.15 mmol/l and 3.28 6 0.97 mmol/l, respectively).
Concentrations and proportions of apolipoprotein C-III isoforms
Mean fasting (6SD) concentrations of apoC-III 0 , apoC-III 1 , and apoC-III 2 were 26.1 6 10.2 mg/l, 54.0 6 20.7 mg/l, and 39.9 6 17.2 mg/l, respectively (P , 0.0001 for comparison between isoforms), reflecting respective mean proportions of 22.0 6 2.0%, 45.0 6 2.9%, and 33.0 6 3.7% of total apoC-III (P , 0.0001 for comparison between isoforms). No relationship was observed between anthropometric variables such as body mass index, waist circumference and weight, and inter-individual variations in the proportion of apoC-III isoforms. Significant positive correlations were observed between BMI, visceral adiposity measured by standardized axial tomography as described previously (23) , and plasma concentrations of apoC-III 1 (r 5 0.59, P 5 0.01 and r 5 0.57, P 5 0.02, respectively) but not with the other two isoforms.
Kinetics of apolipoprotein C-III isoforms
Enrichment curves of the three apoC-III isoforms in deuterated leucine over time are depicted in Fig. 1 . Nonsialylated ApoC-III (ApoC-III 0 ) was characterized by a slower enrichment rate compared with both apoC-III 1 and apoC-III 2 isoforms, which exhibited relatively similar enrichment rates. Table 2 shows the calculated kinetic parameters for the different apoC-III isoforms. ApoC-III 0 was the isoform with the lowest PR and FCR (P . 0.0001, compared with the other two isoforms), whereas apoC-III 1 and apoC-III 2 exhibited relatively similar kinetics.
ApoC-III isoforms and plasma lipids and lipoproteins
Correlations between apoC-III isoform kinetics and plasma lipids are shown in Table 3 . The PSs and PRs of all apoC-III isoforms, but not the FCRs, were highly and positively correlated with VLDL triglycerides and VLDLcholesterol levels. HDL-cholesterol levels were inversely associated with all apoC-III isoform PSs and PRs.
The relationship between apoC-III isoform kinetics and apoB-100 and apoA-I kinetics was also investigated. Although the PSs of the three apoC-III isoforms were strongly and inversely correlated with VLDL apoB-100 FCR, only the PSs and concentrations of apoC-III 0 and apoC-III 1 showed significant positive relationships with the FCR of IDL apoB-100. The PSs of all apoC-III isoforms were strongly correlated with the apoB-100 PSs of all apoB-100-containing fractions, including LDL [LDL apoB-100 PS vs. apoC-III 0 PS: r 5 0.58 (P 5 0.0187), vs. apoC-III 1 PS: r 5 0.63 (P 5 0.009), vs. apoC-III 2 PS: r 5 0.64 (P 5 0.0082)]. There was no relationship between apoC-III kinetics and apoA-I FCR or PR, but a surprising positive association was found between all apoC-III isoform PSs and apoA-I PS.
ApoC-III isoforms and LDL particle size
The relationship between apoC-III isoform kinetics and LDL particle size was also investigated. Significant negative correlations were observed between the three apoC-III isoform PSs and LDL peak particle sizes (data not shown), but only the concentrations of apoC-III 2 were significantly associated with LDL peak particle size (r 5 20.57, P 5 0.02) and the proportion of LDL ,255 Å (r 5 0.56, P 5 0.02). Furthermore, as depicted in Fig. 2 , only the apoC-III 2 PR showed a significant association with LDL peak particle size. This relationship remained highly significant when adjusted for plasma TG levels (P 5 0.011). 
DISCUSSION
All recent studies that have investigated apoC-III kinetics using stable isotopes have limited their analysis to the predominant mono-sialylated isoform of the peptide, and only a few studies, performed with radioisotopes (24-26), have considered both the mono-sialylated and disialylated isoforms. To the best of our knowledge, no study has yet compared the association between each of the three apoC-III isoforms and circulating lipid levels and apolipoprotein B-100 and A-I kinetics. Consequently, the purpose of the present study was to examine the extent to which each apoC-III isoform correlates with variations in lipoprotein/lipid metabolism. Also, because LDL particles are the end product of the lipoprotein hydrolysis pathway and because their size is tightly correlated with triglyceridemia, we also investigated the relationship between apoC-III isoform kinetics and LDL electrophoretic characteristics.
In the present study, non-, mono-, and di-sialylated apoC-IIIs, respectively, accounted for approximately 22, 45, and 33% of the total circulating apoC-III pool, which is concordant with previous data reporting isoform relative proportions of 15, 55, and 35%, respectively (27) . Although BMI and visceral fat correlated with plasma apoC-III 1 concentrations, no correlation was observed between the relative proportion of each isoform and anthropometric variables such as visceral adipose tissue, weight, and BMI. This suggests that the degree of sialylation of apoC-III may not be related to plasma lipid levels or obesity indices, or vice-versa.
We observed that the less-predominant isoform of apoC-III, apoC-III 0 , had a significantly slower PR and FCR compared with the predominant apoC-III 1 and apoC-III 2 isoforms. Studies performed by Huff et al. (24) in the early 1980s using radioisotopes suggested that the mono-and di-sialylated isoforms of apoC-III had similar clearance rates from the circulation (0.648 pool/day and 0.624 pool/day, respectively). The FCR values of apoC-III 1 and apoC-III 2 measured using stable isotopes in the present experiments were in the same range as those obtained using radioisotopes (0.509 pool/day and 0.615 pool/day, respectively). In our study, the difference between apoC-III 1 and apoC-III 2 FCRs was almost statistically significant (t-test, P 5 0.14). This suggests possible subtle differences in underlying mechanisms of clearance, which contradicts the hypothesis of a common clearance pathway for both isoforms, as proposed by Huff et al. (24) .
Clearance pathways for apoC-III are largely unknown. No correlation was found between apoC-III isoform FCR and the FCR of apoB-100 in VLDL and IDL. This result, along with the observation that the FCR of apoB-100 in VLDL (8.5 6 5.4 pools/day) and IDL (6.6 6 4.6 pools/ day) are more than 10 times greater than the highest FCR value among apoC-III isoforms (apoC-III 2 , 0.615 6 0.236 pool/day), suggests that the intravascular catabolism of apoC-III may be independent of apoB-100. On the other hand, a correlation trend was observed between apoC-III 0 and apoC-III 1 FCRs and apoA-I FCR. This observation suggests that the non-and mono-sialylated isoforms of apoC-III may be preferentially cleared from the circulation through pathways that are shared with apoA-I, although this hypothesis remains to be formally tested. The sialylation of proteins, and especially of apolipoproteins, is poorly understood. Apolipoprotein sialylation is an intracellular process driven by a family of Golgimembrane-bound enzymes known as sialyltransferases (28) . The proposed functions of sialylation include stabilization of protein conformation, resistance to protease, charge, protein targeting, and developmental regulation (29) . Despite the fact that neuraminidase, the lysosomal enzyme responsible for the specific removal of sialic acid residues of sialylated proteins, has been detected in the circulation, it is thought that no desialylation occurs in the plasma because the optimal pH for the reaction ranges between 4 and 5 (30) . It is therefore most likely that the low PR and FCR of apoC-III 0 compared with the two other isoforms may simply reflect the fact that only a limited amount of apoC-III avoids the sialylation process prior to its secretion in the circulation. This hypothesis would be concordant with data indicating that protein sialylation is a variable and nonobligatory step for further processing and secretion (30) . On the other hand, the lower FCR of apoC-III 0 may be due to its relatively smaller pool size. Because apoC-III is known to exchange between lipoproteins, the smaller pool size of this isoform may reduce its probability of entering the catabolic pathways leading to its clearance compared with other more-prevalent isoforms. The lack of evidence for a metabolic relationship between the different isoforms of apoC-III in circulation was the main reason that we did not model their kinetics together.
Previous work on apoC-III kinetics has emphasized the strong relationship between total plasma apoC-III 1 PS as well as PR and total plasma and VLDL-TG levels (13, 31) . The present study showed that this association was consistent for all three apoC-III isoforms. Indeed, the PSs and PRs of all apoC-III isoforms correlated positively with the PS of VLDL apoB-100 and negatively with the FCR of VLDL apoB-100. ApoC-III 1 PR and PS also correlated with the PS and PR of IDL apoB-100. The lack of association between apoC-III 2 and apoC-III 0 PR and IDL kinetics may be due to the smaller PS of these isoforms in relative terms, which in turn may limit their impact on remnant lipoprotein metabolism compared with apoC-III 1 . These data suggest that all apoCIII isoforms may contribute to the inhibition of the LPL-mediated intravascular hydrolysis of TRL, resulting in a delayed catabolism of apoB-100 in the VLDL fraction, whereas only the predominant isoform, apoC-III 1 , would be related to the metabolism of TRL remnants.
We also observed a significant positive correlation between the PSs of all apoC-III isoforms and plasma apoA-I PS. This was surprising, considering the strong relationships between apoC-III and plasma TG levels on the one hand and the inverse relationship between TG levels and HDL-C on the other hand. However, almost 50% of apoC-III has been shown to be HDL bound, and a significant positive relationship between HDL apoC-III PS and HDL apoA-I PS has previously been reported by Cohn et al. (32) .
The strong correlation between plasma TG levels and LDL peak particle size has been extensively described (4, 5) . Our data suggest that the degree of sialylation of apoC-III may be an important modulator of LDL particle size. Very few experiments have been undertaken to elucidate the impact of the apoC-III degree of sialylation on lipoprotein/lipid metabolism. The contribution of the sialic acid content of apoC-III to the in vitro activity of the purported lipolysis-stimulated receptor (LSR) of rat liver, which is thought to be involved in TRL clearance by hepatocytes, has been studied previously. The study showed that although apoC-III 2 has an apparent 2-fold greater affinity for VLDL than do the other two apoC-III isoforms, Fig. 2 . Relation between the production rate (PR) of each apoC-III isoform and LDL peak particle size. its capacity to inhibit VLDL binding to LSR was almost 50% of that of the mono-and di-sialylated isoforms (33) . It has also been demonstrated that hypertriglyceridemic subjects have a greater proportion of apoC-III in the disialylated isoform associated with VLDL (34) . Another study reported that the apoC-III sialic acid content had no impact on its ability to inhibit the LPL-driven hydrolysis of lipoproteins (35) . However, this later study only compared apoC-III 0 (neuraminidase-treated apoC-III 1 ) with apoC-III 1 .
To the best of our knowledge, none of the previous in vitro studies examined per se the impact of VLDL enrichment with apoC-III 2 on LPL-driven hydrolysis. This leaves the possibility that VLDL with a higher content of apoC-III 2 may be less-readily hydrolyzed by LPL compared with VLDL with a normal apoC-III 2 /apoC-III 1 ratio, as suggested previously (34) . Therefore, to possibly explain the strong relationship between apoC-III 2 concentrations and PR and small, dense LDL particles, we hypothesize that apoC-III 2 , because of its higher affinity for VLDL, may increase the VLDL apoC-III 2 /apoC-III 1 ratio, thereby contributing to a greater inhibition of VLDL hydrolysis by LPL. This, in turn, would lead to a longer residence time of TRL and TRL remnants in the circulation and possibly to an increased cholesteryl ester transfer proteinmediated transfer of triglycerides to HDL and LDL in exchange for cholesterol. Ultimately, the TG content of LDL would most likely be hydrolyzed by hepatic triglyceride lipase to generate small, dense LDL particles. On the basis of this hypothesis, we would anticipate a stronger correlation between apoC-III 2 concentrations and VLDL-TG, compared to other apoC-III isoforms, which was not observed in the present study. We believe that this may be partly explained by the fact that only relatively normolipidemic subjects were investigated. Information on the proportion of each isoform associated within VLDL would also have been potentially useful for further investigation of this hypothesis. Investigating a more heterogeneous group of normo-and hypertriglyceridemic subjects and quantifying the proportion of apoC-III isoforms associated with HDL and VLDL should therefore be the focus of future studies.
Previous experiments have suggested that a proportion of apoC-III may not be available for free transfer, or equilibration, between HDL and TRL when transiting between the fasting and fed states and vice-versa (36, 37) . To the best of our knowledge, the exchangeability of apoC-III in relation to its degree of sialylation has yet to be investigated. Because our study was performed using the total plasma lipoprotein fraction (r , 1.25 g/ml), it could not provide insightful information on the exchangeability of the different isoforms of apoC-III between HDL and TRL. However, it remains possible that the sialylation degree of the various apoC-III isoforms, by determining their affinity for specific lipoproteins, may also modulate their rate of exchange between lipoproteins. Therefore, it is possible that apoC-III 2 may exchange less rapidly from VLDL, but this, again, warrants further investigation. Finally, it has been reported that some apoC-III may possibly be lost when lipoproteins are subjected to ultracentrifugation. Cohn et al. (38) previously reported that the amount of apoC-III found in the bottom plasma fraction (r . 1.21 g/ ml) after four sequential ultracentrifugation runs represented only 0.5% of total plasma apoC-III. On the basis of this finding, we assume that the single ultracentrifugation step in the present study was unlikely to have altered the relative proportions of each apoC-III isoform measured in the r , 1.25 g/ml fraction.
In conclusion, this study demonstrated that the kinetics of the two most predominant isoforms, apoC-III 2 and apoC-III 1 , show the strongest associations with the expression of many features of the metabolic syndrome, such as hypertriglyceridemia and reduced VLDL and IDL apoB-100 catabolism. ApoC-III 2 concentrations and kinetics were also the strongest correlate of the expression of the small, dense LDL phenotype, despite the fact that apoC-III 2 is not the most predominant isoform of the protein in circulation. This suggests that apoC-III 2 may have the most deleterious impact on LDL particle size, which is an important risk factor for cardiovascular disease.
